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AB The mechanism of Ca2+ sensitization of contraction has not been elucidated 
in airway smooth muscle (SM) . To det. the r ole of a small G protein, 
rhoA p21 , and its target protein, rho-assocd" coiled coil-forming ' 
protein kinase (ROCK) , in receptor-coupled Ca2+ sensitization of airway 
SM, we studied the effect o f ( + ) - (R ) - trans -4- ( 1-aminoethyl) -N- (4- 
jpyridyl) cyclohex ane carboxami de dihydr ocnloride"] m ononydrate (Y-27632) , a 
ROCK inhibitor - ; on isometric contractions in raDDit tracheal and human 
bronchial SM. Y-27632 completely reversed 1 .mu.M carbachol (CCh) -induced 
contraction of intact trachea with a concn. producing half -max. inhibition 
of effect (IC50) of 1.29 .+-. 0.2 .mu.M (n = 5) . Although 4 . beta . -phorbol 
12 , 13-dibutyrate (1 .mu.M) -induced Ca2+ sensitization was relatively 
resistant to Y-27632 in . alpha . -toxin-permeabilized trachea, CCh (100 
.mu.M) _plus cfuanosine triphosphate (GTP) ( 3 .mu.M) - and guanosine 
5 ' -O- (3 * -thiotriphosphate) ITo .m u.M) - induce d contractions were relaxed 
completely by Y-27632 with IC50 of 1 ,44 .i-. 0.3 (n = b) dlld 1.1b .+-. " 0.3 
.mu.M (n = 6) . Endothelin-1 (1 .mu.M) plus GTP (3 . mu . M) -developed force 
was also reversed by Y-27632 with IC50 of 4.10 .+-. 1.1 .mu.M (n = 6) in 
the .alpha . -toxin-permeabilized bronchus. Both the rabbit and human SM 
expressed rh oA p21 , ROCK I, and its isoform ROCK II. 

Collectively, rno/ROC K- mediated Ca2+ sensitization plays a central role in 
the sustained pnase ot airway sm contraction, and selective inhibition of 
this pathway may become a new strategy to resolve airflow limitation in 
asthma . 
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AB The mechanism of Ca2+ sensitization of contraction has not been elucidated 
in airway smooth muscle (SM) . To det. the role of a small G protein, 
rhoA p21, and its target protein, rho-assocd. coiled coil-forming 
protein kinase (ROCK) , in receptor-coupled Ca2+ sensitization of airway 
SM, we studied the effect of ( + )- (R) -trans-4 -( 1-aminoethyl) -N- (4 - 
pyridyl) cyclohexane carboxamide dihydrochloride , monohydrate (Y-27632), a 
ROCK inhibitor, on isometric contractions in rabbit tracheal and human 
bronchial SM. Y-27632 completely reversed 1 .mu.M carbachol (CCh) -induced 
contraction of intact trachea with a concn. producing half -max. inhibition 
of effect (IC50) of 1.29 .+-. 0.2 .mu.M (n = 5) . Although 4 .beta . -phorbol 
12, 13-dibutyrate (1 .mu .M) -induced Ca2+ sensitization was relatively 
resistant to Y-27632 in . alpha . -toxin-permeabilized trachea, CCh (100 
.mu.M) plus guanosine triphosphate (GTP) (3 .mu.M)- and guanosine 
5 ' -O- (3 ' -thiotriphosphate) (10 . mu . M) -induced contractions were relaxed 
completely by Y-27632 with IC50 of 1.44 .+-. 0.3 (n = 6) and 1.15 .+-. 0.3 
.mu.M (n = 6) . Endothelin-1 (1 .mu.M) plus GTP (3 . mu . M) -developed force 
was also reversed by Y-27632 with IC50 of 4.10 .+-. 1.1 .mu.M (n = 6) in 
the .alpha. -toxin-permeabilized bronchus. Both the rabbit and human SM 
expressed rhoA p21, ROCK I, and its isoform ROCK II. 

Collectively, rho/ROCK-mediated Ca2+ sensitization plays a central role in 



the sustained phase of airway SM contraction, and selective inhibition of 
this pathway may become a new strategy to resolve airflow limitation in 
asthma. 
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AB Sildenafil (Viagra, Pfizer, Inc.) is a new orally effective therapy for 

the treatment of men with erectile dysfunction (ED) . It is a specific and 
selective inhibitor of phosphodiesterase Type 5 (PDE5) , an enzyme which is 
an important modulator of smooth muscle relaxation in the corpus 
cavernosum. In the presence of a sexual stimulus, inhibition of PDE5 
results in improved smooth muscle relaxation within 
the sinusoids of the corpus cavernosum and the penile arteries. 
This results in improved erections in men with ED. In clinical trials, 
sildenafil has been found to be effective in improving the erections of 
large numbers of men with ED secondary to a range of causes. The presence 
of PDE5 in other tissues such as vascular smooth muscle results in side 
effects such as headache, flushing, indigestion and nasal congestion. 
These side effects are dose -dependent and well-tolerated. The 
introduction of sildenafil in many countries around the world has 
revolutionised the assessment and treatment of men with ED. 

AB ... smooth muscle relaxation in the corpus cavernosum. In the 

presence of a sexual stimulus, inhibition of PDE5 results in improved 
smooth muscle relaxation within the sinusoids of the 
corpus cavernosum and the penile arteries. This results in 
improved erections in men with ED. In clinical trials, sildenafil has 
been found to be effective. 
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AB Relaxation of the smooth muscle cells in the cavernosal arterioles and 
sinuses results in increased blood flow into the penis, raising corpus 
cavernosum pressure to culminate in penile erection 

(1) . Nitric oxide, released from non-adrenergic/ non-cholinergic nerves, 
is considered the principle stimulator of cavernosal smooth muscle 
relaxation (2 -4) , however, the inhibition of vasoconstrictors (that is, 
norepinephrine and endothelin-1, refs. 5-9) cannot be ignored as a 
potential regulator of penile erection. The 

calcium-sensitizing . rho. -A/Rho-kinase pathway may play a synergistic role 
in cavernosal vasoconstriction to maintain penile flaccidity. 
Rho-kinase is known to inhibit myosin light chain phosphatase (10-12) , and 
to directly phosphorylate myosin lightchain (in solution) , altogether 
resulting in a net increase in activated myosin and the promotion of 
cellular contraction (10, 11, 13-16) . Although Rho-kinase protein and mRNA 
have been detected in cavernosal tissue (17), the role of Rho-kinase in the 
regulation of cavernosal tone is unknown. Using pharmacologic antagonism ( 
Y-27632, ref. 13, 18), we examined the role of 

Rho-kinase in cavernosal tone, based on the hypothesis that antagonism of 
Rho-kinase results in increased corpus cavernosum pressure, initiating the 
erectile response independently of nitric oxide. Our finding, that 
Rho-kinase antagonism stimulates rat penile erection 

independently of nitric oxide, introduces a potential alternate avenue for 
the treatment of erectile dysfunction. 
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AB Human platelets contained about 15 times lower amts. of Rho-kinase than 
Ca2+/calmodulin-dependent myosin light chain (MLC) kinase. 
Anti-myosin-binding subunit (MBS) antibody coimmunopptd . Rho-kinase of 
human platelets, and addn. of GTP .gamma . S-RhoA stimulated 
phosphorylation of the 130-kD MBS of myosin phosphatase and consequently 
inactivated myosin phosphatase. Two kinds of selective Rho-kinase 
inhibitors, HA1077 and Y-27632, reduced both GT P . gamma . S -R ho 
^dependent MBS phosphorylation and inactivation or tne pnosphata se 
activity^. Activation of human platelets with thrombin, a stable 
thromboxane A2 analog STA2, epinephrine, and serotonin resulted in an 
increase in MBS phosphorylation, and the agonist -induced MBS 
phosphorylation was prevented by pretreatment with the resp. receptor 
antagonist. HA1077 and Y-2 7632 inhibited MBS phosphorylation in plate let s 
stimulated with these agonists" The ^6 cumpdy . — a\Lso blocked ~~ 
agonist -induced inactivation of myosin phosphatase in intact platelets. 
In addn., HA1077 and Y-27632 inhibited 20-kD MLC phosphorylation at Serl9 
and ATP secretion of platelets stimulated with STA2, thrombin (0.05 U/mL) , 
and simultaneous addn. of serotonin and epinephrine, whereas these compds . 
did not affect MLC phosphorylation or ATP secretion when platelets were 
stimulated with more than 0.1 U/mL thrombin. Thus, activation of 
Rho-kinase and the resultant phosphorylation of MBS is likely to be the 
common pathway for platelet activation induced by various agonists. These 
results also suggest that Rho-kinase-mediated MLC phosphorylation 
contributes to a greater extent to the platelet secretion induced by 
relatively weak agonists. 
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AB Human platelets contained about 15 times lower amts. of Rho-kinase than 
Ca2+/calmodulin-dependent myosin light chain (MLC) kinase. 
Anti-myosin-binding subunit (MBS) antibody coimmunopptd. Rho-kinase of 
human platelets, and addn. of GTP. gamma . S -Rho A stimulated 
phosphorylation of the 13 0-kD MBS of myosin phosphatase and consequently 
inactivated myosin phosphatase. Two kinds of selective Rho-kinase 
inhibitors, HA1077 and Y-27632, reduced both GTP. gamma . S-RhoA 
-dependent MBS phosphorylation and inactivation of the phosphatase 
activity. Activation of human platelets with thrombin, a stable 
thromboxane A2 analog STA2, epinephrine, and serotonin resulted in an 
increase in MBS phosphorylation, and the agonist -induced MBS 
phosphorylation was prevented by pretreatment with the resp. receptor 
antagonist. HA1077 and Y-27632 inhibited MBS phosphorylation in platelets 
stimulated with these agonists. These compds. also blocked 
agonist -induced inactivation of myosin phosphatase in intact platelets. 
In addn., HA1077 and Y-27632 inhibited 20-kD MLC phosphorylation at Serl9 
and ATP secretion of platelets stimulated with STA2 , thrombin (0.05 U/mL) , 
and simultaneous addn. of serotonin and epinephrine, whereas these compds. 
did not affect MLC phosphorylation or ATP secretion when platelets were 
stimulated with more than 0.1 U/mL thrombin. Thus, activation of 
Rho-kinase and the resultant phosphorylation of MBS is likely to be the 



common pathway for platelet activation induced by various agonists. These 
results also suggest that Rho-kinase-mediated MLC phosphorylation 
contributes to a greater extent to the platelet secretion induced by 
relatively weak agonists. 
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(effects of Rho-kinase inhibitors on phosphorylation of myosin-binding 

subunit of myosin phosphatase) 
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AB Essential hypertension is characterized by an impairment of 

endothelium-dependent vasodilatation. The objective of this study was to 
test whether antihypertensive treatment with the angiotensin converting 
enzyme inhibitor lisinopril can improve vasodilatation in response to 
endothelium-dependent agonists in essential hypertensive patients. We 
studied the effect of acute (6-8 h after dosing) , prolonged (1 mo) and 
chronic (12 mo) lisinopril treatment on forearm blood flow response 
(strain-gauge plethysmog.) induced in 10 hypertensive patients (aged 
43. 6.+-. 8.1 yr, blood pressure 151 . 4 . +- . 6 . 8/99 . 8 . +- . 3 . 3 mmHg) by 
intrabrachial infusions of 0.15, 0.45, 1.5, 4.5, and 15 .mu.g/100 mL per 
min acetylcholine and 5, 15, and 50 ng/100 mL per min bradykinin, two 
endothelium-dependent vasodilators, and 1, 2, and 4 .mu.g/100 mL per min 
sodium nitroprusside, an endothelium- independent vasodilator. At 
baseline, vascular response was compared with that of 10 normotensive 
subjects (aged 42. 4. +-.6. 6 yr, blood pressure 118 . 4 . +- . 6 . 1/77 . 8 . +- . 3 . 4 
mmHg). Hypertensive patients had blunted (.rho. < 0.01 or less) 
vasodilatations in response to infusions of acetylcholine (from 3. 7.+-. 0.3 
to 18. 3. +-.4. 9 mL/100 mL per min) and bradykinin (from 3. 7.+-. 0.4 to 
15. 8. +-.2. 6 mL/100 mL per min) compared with those of controls (from 

3. 6. +-. 0.3 to 25. 3. +-.5. 2 mL/100 mL per min for acetylcholine and from 

3. 7. +-. 0.3 to 26. 9. +-.4. 9 mL/100 mL per min for bradykinin) whereas the 
responses to infusion of sodium nitroprusside were 

similar (from 3. 6.+-. 0.3 to 18. 5. +-.3. 9 and from 3. 6.+-. 0.3 to 16. 4.+-. 1.8 
mL/100 mL per min, resp.). Acute and prolonged lisinopril treatments 
significantly (.rho. < 0.05 or less) improved vasodilatation in 
response to infusion of bradykinin (from 3. 7.+-. 0.4 to 24. 5. +-.4. 9 and 
from 3. 7.+-. 0.3 to 22.1. +-.4. 9 mL/100 mL per min, resp.), but not in 
response to infusions of acetylcholine and of sodium 
nitroprusside. Chronic lisinopril treatment increased (. 
rho. < 0.05) the response to infusions of not only bradykinin 
(from 3. 5.+-. 0.5 to 27. 6. +-.5. 3 mL/100 mL per min), but also of 
acetylcholine (from 3. 5.+-. 0.5 to 27. 8.+-. 8.0 mL/100 mL per min) and 
sodium nitroprusside (from 3. 4.+-. 0.6 to 25. 9. +-.8. 5 
mL/100 mL per min) . However, when the responses to infusions of 
acetylcholine and bradykinin were normalized with respect to that to 
infusion of sodium nitroprusside, only the vasodilatation in response to 
infusion of bradykinin was shown to have been increased by lisinopril 
treatment. In conclusion, administration of lisinopril to patients with 
essential hypertension can selectively increase vasodilatation in response 
to infusion of bradykinin. 
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AB Essential hypertension is characterized by an impairment of 

endothelium-dependent vasodilatation. The objective of this study was to 
test whether antihypertensive treatment with the angiotensin converting 
enzyme inhibitor lisinopril can improve vasodilatation in response to 
endothelium-dependent agonists in essential hypertensive patients. We 
studied the effect of acute (6-8 h after dosing), prolonged (1 mo) and 
chronic (12 mo) lisinopril treatment on forearm blood flow response 



(strain-gauge plethysmog . ) induced in 10 hypertensive patients (aged 
43. 6.+-. 8.1 yr, blood pressure 151.4 .+- .6.8/99. 8.+- .3 .3 mmHg) by 
intrabrachial infusions of 0.15, 0.45, 1.5, 4.5, and 15 .mu.g/100 mL per 
min acetylcholine and 5, 15, and 50 ng/100 mL per min bradykinin, two 
endothelium-dependent vasodilators, and 1, 2, and 4 .mu.g/100 mL per min 
sodium nitroprusside, an endothelium- independent vasodilator. At 
baseline, vascular response was compared with that of 10 normotensive 
subjects (aged 42. 4. +-.6. 6 yr, blood pressure 118 . 4 . +- . 6 . 1/77 . 8 . +- . 3 . 4 
mmHg) . Hypertensive patients had blunted (.rho. < 0.01 or less) 
vasodilatations in response to infusions of acetylcholine (from 3. 7.+-. 0.3 
to 18. 3. +-.4. 9 mL/100 mL per min) and bradykinin (from 3. 7.+-. 0.4 to 
15. 8. +-.2. 6 mL/100 mL per min) compared with those of controls (from 

3. 6. +-. 0.3 to 25. 3. +-.5. 2 mL/100 mL per min for acetylcholine and from 

3. 7. +-. 0.3 to 26. 9. +-.4. 9 mL/100 mL per min for bradykinin) whereas the 
responses to infusion of sodium nitroprusside were 

similar (from 3. 6.+-. 0.3 to 18 . 5 . +- . 3 . 9 * and from 3. 6.+-. 0.3 to 16. 4.+-. 1.8 
mL/100 mL per min, resp.) . Acute and prolonged lisinopril treatments 
significantly (.rho. < 0.05 or less) improved vasodilatation in 
response to infusion of bradykinin (from 3. 7.+-. 0.4 to 24. 5. +-.4. 9 and 
from 3. 7.+-. 0.3 to 22 . 1 . +- . 4 . 9 mL/100 mL per min, resp.), but not in 
response to infusions of acetylcholine and of sodium 
nitroprusside. Chronic lisinopril treatment increased (. 
rho. < 0.05) the response to infusions of not only bradykinin 
(from 3. 5.+-. 0.5 to 27. 6. +-.5. 3 mL/100 mL per min), but also of 
acetylcholine (from 3. 5.+-. 0.5 to 27. 8.+-. 8.0 mL/100 mL per min) and 
sodium nitroprusside (from 3. 4.+-. 0.6 to 25. 9. +-.8. 5 
mL/100 mL per min) . However, when the responses to infusions of 
acetylcholine and bradykinin were normalized with respect to that to 
infusion of sodium nitroprusside, only the vasodilatation in response to 
infusion of bradykinin was shown to have been increased by lisinopril 
treatment. In conclusion, administration of lisinopril to patients with 
essential hypertension can selectively increase vasodilatation in response 
to infusion of bradykinin. 



